INTRODUCTION
Tuberous sclerosis (TS) is an autosomal dominant neurocutaneous disease. It has been reported that the frequencies of chromosome aberrations in lymphocytes from the TS patients are higher than those in lymphocytes from normal persons (Suzuki, 1977) . Furthermore, there are some reports indicating that fibroblasts and lymphocytcs from TS patients are hypersensitive to gamma-ray and N-methyl-N'-nitro-N-nitrosoguanidine (Scudiero et al., 1981; Paterson et al., 1982) . Roos (1977) reported that the frequencies of spontaneous SCEs in cells from TS patients were normal and we reported that the SCE response to mitomycin C (MMC) was also within the normal range (Iijima et al., 1985) . However, there are no reports about radiation induced chromosome aberrations and SCEs in lymphocytes from TS patients. The present experiment was performed to examine the induction of chromosome aberrations and SCEs by gamma-ray in lymphocytes from TS patients.
MATERIALS AND METHODS
Analys& of siter chromatid exchange. Heparinized peripheral blood samples were obtained from four TS patients and four healthy controls. Whole blood from each donor (0.3 ml) was added to 5 ml RPMI 1640 medium (GIBCO) containing 15~ fetal bovine serum (GIBCO) and 1~ penicillin-streptomycin (GIBCO). The medium also contained 40 ~M bromodeoxyuridine (BUdR, Sigma) for the entire culture period. The blood samples in the media were exposed to gamma-rays emitted from a 4,000 Ci lZTCs source at doses of 1, 2 and 4 Gy. Immediately after the irradiation, 0.15 ml of phytohemagglutinin M (GIBCO) were added to each culture. The cultures were incubated at 37~ for 72 hr in a CO~ incubator. Colcemid (2 • 10-TM final concentration, Wako) was present in each culture during the last 6 hr. The cells were then collected by centrifugation, exposed to 0.075 M KC1 hypotonic solution for 8 min, and fixed three times in ethanol : acetic acid (3 : 1). Air dried chromosome preparations were made, and a modification of the fluorescenceplus-Giemsa (FPG) method of Goto et al. (1978) was applied to obtain the sister chromatid differential staining. Thirty metaphase cells in the second-division were scored for SCEs per dose point per person.
Chromosome aberration analysis. In the case of chromosome aberration analysis, the medium did not contain BUdR. The cultures were incubated for 54 hr. Colcemid was present in each culture during the last 28 hr to arrest the cells in their first division. Chromosome preparations were stained with Giemsa. Dicentrics and rings were scored for chromosome aberrations. Fifty first-division metaphase cells were analyzed per dose point per person. The other methods used were the same as those presented above for the analysis of SCEs.
RESULTS
The frequencies of SCEs in TS and control cells are summarized in Table 1 . The baseline SCE frequencies in the TS and control cells were 8.4+__0.5 and 8.6-t-0.5, respectively.
Gamma doses of 1 and 2 Gy did not increase these baseline frequencies. Although a dose of 4 Gy increased the SCE frequencies in both TS cells and normal cells, the increase was not significantly different and the response of the TS and normal cells were similar at all doses studied.
The number of dicentrics and rings per cell in TS and control cells are summarized in Table 2 . The baseline frequencies of dicentrics and ring chromosomes per cell in TS and normal cells were 0.005+0.009 and 0.003+0.004, respectively. This difference was not significant. The gamma ray treatment led to a clear doserelated increase in the frequencies of dicentrics and rings in both groups. At doses of 1 Gy and 2 Gy, the TS cells showed rather higher frequencies but the frequencies were not significantly different from those in the control cells. However, at 4 Gy, Table 1 .
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DISCUSSION
In accord with the findings of Roos (1977) , the present study showed that the baseline SCE frequencies in the peripheral blood lymphocytes from TS patients are in the normal range. We (1985) reported that there were no significant differences in the SCE frequencies between the lymphocytes from TS patients and those from normal controls exposed to various doses of MMC. Although SCEs were known to be rather refractory to ionizing radiation (Latt et al,, 1980 ), Hafez et aI. (1986 found that the frequencies of SCEs in the cells from patients with neurofibromatosis, another neurocutaneous disease, significantly increased with increasing doses of gamma-ray irradiation. However, the present study showed that there is no significant difference in the SCE frequencies between gamma-ray irradiated TS and normal cells. This suggests that the neurofibromatosis cells may be more unstable than TS cells.
At 4 Gy, the frequency of chromosome aberrations in the cells of the TS patients was significantly increased over that in the cells from the normal controls. It has been reported that some of the cultured cell strains from TS patients were hypersensitive to gamma-ray or N-methyl-N'-nitro-N-nitrosoguanidine (Scudiero et al., 1981; Paterson et al., 1982; Yoshida et al., 1985) . These results and those of the present study indicate that hypersensitivity to radiation is an intrinsic feature of TS cells.
